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y of Cair
osting by EAbstract The major agro-industrial efﬂuents of sugarcane and starch industries pose a serious
threat to surface waters. Their disposal in the River Nile around Cairo city transitionally affected
the microbial load. In situ bacterial enrichment (50–180%) was reported and gradually diminished
downstream; the lateral not vertical effect of the efﬂuent disposal was evident. Disposed efﬂuents
increased BOD and COD, and then progressively decreased downstream. Ammoniacal N was ele-
vated, indicating active biological ammoniﬁcation and in situ biodegradability of the efﬂuents. In
vitro, the nitrogen-ﬁxing rhizobacteria Crysomonas luteola, Azospirillum spp., Azomonas spp. and
K. pneumoniae successfully grew in batch cultures prepared from the crude efﬂuents. This was sup-
ported by adequate growth parameters and organic matter decomposition. Therefore, such biode-
gradability of the tested agro-industrial efﬂuents strongly recommends their use for microbial
biomass necessary for the production of bio-preparates.
ª 2010 Cairo University. Production and hosting by Elsevier B.V. All rights reserved.Introduction
Globally, industrial waste water represents the main source of
water pollution [1–5]. The River Nile, which represents more2 35728 483.
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lsevierthan 90% of the Nile basin’s water resources, is the traditional
receptor of waste and drainage waters generated by different
activities [6,7]. Industrial waste waters are considered among
the major sources of environmental pollution, endangering
public health through direct use as well as feeding ﬁsh that live
in the polluted streams. It is estimated that more than 400 fac-
tories continue to discharge more than 2.5 million m3 per day
of untreated efﬂuent into Egypt’s waters [8,9]. Several pre-
treatment techniques have been imposed to reduce the impact
of discharge on municipal plants or on the receiving water
bodies by using microorganisms, chemical and/or physico-
chemical methods. Potential bacterial strains are used for bio-
degradation of industrial efﬂuents, e.g. Bacillus spp. and
Pseudomonas spp. for winery and olive oil waste waters [10]
and Ps. ﬂuorescens for pulp and paper mills’ efﬂuents [11].
Ali et al. [12,13] demonstrated the successful biodegradation
86 S.M. Ali et al.of the efﬂuents of the baker’s yeast industry, producing enough
microbial biomass for the large scale production of biofertiliz-
ers (bio-preparates).
The sugarcane and starch industries are among the major
producers of polluting agro-industrial efﬂuents affecting the
River Nile [6,14–16]. The present study is monitoring the
microbial load of the Nile in areas directly subjected to these
particular efﬂuents. In addition, the nature of such efﬂuents
and their possible biodegradation with potential nitrogen-ﬁx-
ing rhizobacteria (diazotrophs) are also investigated.Material and methods
The experimental area
The studied area is selected to be under the inﬂuence of efﬂuent
discharge of ‘‘The Sugar and Integrated Industries Compa-
nies’’. The complex is one of the major agro-industrial pro-
jects, located at Hawamdia city, 20 km south Cairo. It
includes industrial processes related to the production of su-
gar, ethanol, acetone and beaker’s yeast. The agro-industrial
by-products are directly discharged into the Nile. Nine sites
under the potential effect of the efﬂuent disposal were selected
for monitoring quality of Nile water (Fig. 1). Samples of the
four seasons of 2003 as well as summer and winter of 2005
were collected for microbial and chemical analysis.Fig. 1 Satellite image locating the complex of ‘‘The sugar and integra
further descriptions of the sampling sites and GPS data:
Sites Code Description
Upstream S1 0 m
Disposal points:
Permanent S2D1 240 m, north upstream
Occasional S2D2 290 m, north upstream
S2D3 390 m, north upstream
S2D4 640 m, north upstream
S2D5 1020 m, north upstream
S2D6 1140 m, north upstream
Down-stream S3 1360 m, north upstream
Mid-stream S4 340 m, north upstream, and 170 m from shSampling
Periodic water samples were manually and aseptically collected
from the surface water, (ca. <1 m ashore), in sterile brown
bottles (200 ml capacity). Samples were transported to the lab-
oratory and stored at 4 C until bacteriological analysis was
completed within 24 h. During sample collection, water and
air temperature, pH and electrical conductivity (EC) were mea-
sured in situ. Glass-stopped oxygen-sampling bottles (300 ml
capacity), for dissolved oxygen (DO) and biochemical oxygen
demand (BOD) determinations, were ﬁlled carefully with water
samples; those of DO were ﬁxed immediately by adding 2 ml
MnSO4 and 2 ml alkaline KI [17]. In addition, one-litre plastic
bottles were ﬁlled with water for undertaking the rest of the
chemical analyses.
In addition, samples representing the starch industry efﬂu-
ent were obtained from ‘‘The Egyptian Starch and Glucose
Manufacturing Companies’’, Tora, 15 km south of Cairo.
They were primarily obtained to study their biodegradability
when synergized with the sugarcane efﬂuent.
Analyses
In situ measurements
The temperature of surface water and air was measured using
an ordinary dry mercury thermometer, and transparency by
Secchi-disc [17].ted industries companies’’ (X) and samples obtained; following are
Disposal frequency GPS data
– N:29 530 3.6200; E: 31 160 48.0600
Almost daily
around the year
N:29 530 11.4000; E: 31 160 47.5300
Occasional N:29 530 12.600; E: 31 160 48.0600
Occasional N:29 530 14.2200; E: 31 160 48.0600
Occasional N:29 530 23.1300; E: 31 160 48.9200
Occasional N:29 530 35.1500; E: 31 160 48.9200
Occasional N:29 530 39.700; E: 31 160 48.0600
– N:29 530 47.8500; E: 31 160 45.7900
ore – N:29 530 14.0800; E: 31 160 53.6100
Pollution of River Nile by agro-industries 87Laboratory measurements
Bacteriological analyses
– Water samples were serially diluted in half strength basal
salt of the N-deﬁcient combined carbon sources medium,
CCM [18]. The pour plate technique and the plate countFig. 2 Spatial changes in microbial determinations of water samp
successive seasons of 2003: (A) changes in various bacterial groups; (B
(D) correlation matrix. S1, upstream; S2, the disposal site; S3, downs
signiﬁcantly different (p< 0.05).agar [17] were used for the enumeration of total bacterial
counts at both 22 C and 37 C incubation temperatures.
Agar plates of total thermophilic bacteria were incubated
at 55 C. For total spore-forming bacteria, water samples
and successive dilutions were pasteurized, for 15 min at
80 C, prior to plating and incubating at 30 C.les obtained along the sites of sugarcane industries during the
) total microbial load; (C) percentage increases in microbial load;
tream; S4, midstream. Means followed by the same letter are not
88 S.M. Ali et al.– Total diazotrophs (associative nitrogen-ﬁxing bacteria) were
counted using the surface-inoculated plate method and the
N-deﬁcient combined carbon sources medium CCM [18].
Agar plates were surface inoculated with 200 ll of each suit-
able dilution, and incubation took place at 30 C for 72 h.
Representative colonies were transferred to semi solid
CCM and measured for acetylene reduction [19]. Potential
isolates, producing >5 nmoles C2H4 ml
1 h1, were
selected and subjected to colony and cell morphology. Fur-
ther identiﬁcation was based on the API microtube systems,
API 20 E (for Enterobacteiaceae) and 20 NE (for Non-
Enterobacteriacae), as a standardized micro-method [20].
– Total and faecal coliforms were enumerated in MacConky
broth medium [17]. For the presumptive test, three sets of
tubes were prepared: ﬁve tubes each containing 10 ml of
double strength broth were inoculated with 10 ml water
sample; ﬁve tubes containing 5 ml of single strength broth
were inoculated with 1 ml of water sample; and the remain-
ing ﬁve tubes containing 5 ml of single strength broth were
inoculated with 0.1 ml of water sample. After incubation at
37 C for 48 h, the MacConky broth tubes were observed
for acid and gas production. The presumptive coliform
numbers were estimated using the MPN index. Tubes with
a positive presumptive reaction were submitted to the con-
ﬁrmed stage. Sub-cultures from positive tubes were incu-
bated in a water bath at 44.5 C for 24–48 h; such tubes
were again observed for acid and gas production, with the
number of positive tubes used to calculate the MPN of fae-
cal coliform. Conﬁrmatory test using eosin methylene blue
(EMB) agar was performed.
For detection and counting of faecal streptococci, tubes of
azide dextrose broth medium [17] were inoculated with suitable
serial decimal dilutions of water samples, following the same
procedure as for total coliform. Inoculated tubes were incu-
bated at 37 C for 48 h. A conﬁrmatory test was made by
transferring three loops from the positive tubes (those with
developed bacteria growth turbidity) to ethyl violet azide broth
and incubation at 37 C for 48 h. Positive tubes were those
having a slight turbidity accompanied with purple bottom.
Chemical analyses
Electrical conductivity (EC), pH and total dissolved solids
(TDS) were measured using pH, EC and TDS meter model
JENWAY (4330). Dissolved oxygen (DO) was measured using
the modiﬁedWinkler method, and biochemical oxygen demand
(BOD) with the ﬁve-day incubation method [17]. Chemical oxy-
gen demand (COD) was carried out using the potassium per-Table 1 Bacterial populations (log cfu ml1) at the experimental si
Season Total bacteria at
22 C (log cfu ml1)
Total bacteria at
37 C (log cfu ml1)
Dia
(log
Winter 3.498 C 3.117 D 2.71
Spring 3.973 B 3.781 C 4.70
Summer 3.967 B 4.106 B 4.24
Autumn 4.537 A 4.345 A 4.98
Means followed by the same letter are not signiﬁcantly different (p< 0.0manganate method [21]. Colorimetric methods were used to
determine ammonia and nitrite [17] and nitrate [22].
Efﬂuent biodegradation
Efﬂuents tested
Samples were obtained from the crude efﬂuents of both ‘‘The
Sugar and Integrated Industries Companies’’ and ‘‘The Egyp-
tian Starch and Glucose Manufacturing Companies’’. The lat-
ter efﬂuent results from corn seeds-soaking processes, where
the supernatant (corn-steep liquor) was directly discharged
into the River Nile. Samples were taken from the efﬂuent dis-
charging pipes in 5 l sterilized bottles, and immediately ana-
lyzed for various chemical constituents [23], minerals [24]
and organic carbon [25]. Amino acids were determined [26]
using the Beckman Amino Acid Analyzer Model 7300 and
the Data system Model 7000. Both efﬂuents were stored at
70 C.
Biodegradation and biomass production
The biodegradability of the efﬂuents was tested in batch cul-
tures of a number of bacterial isolates obtained from the dis-
posal sites during in situ microbial analysis, namely the
diazotrophs Chryseomonas luteola (Pseudomonos luteola),
Klebsiella pneumoniae, Azospirillum spp. and Azomonas spp.
Cultures were maintained on CCM medium except for Azo-
monas spp., which was on the speciﬁc nitrogen-deﬁcient med-
ium [27].
The sugar efﬂuent was tested as such and/or diluted with
distilled water (1:1 and 1:2, v/v), and amended with the starch
efﬂuent (1, 3, 5 and 10%, v/v). In some cases, the buffer capac-
ity of the tested efﬂuents was adjusted with the buffer solution
of KH2PO4 (0.6 g l
1) plus K2HPO4 (0.4 g l
1). Prepared efﬂu-
ents were distributed as 100 ml in 500 ml capacity Erlenmeyer
ﬂasks, autoclaved and inoculated with the individual tested
strains (10% v/v). Batch cultures were incubated in a rotary
shaker of 100 rpm at 30 C. At regular intervals, bacterial pop-
ulations (cfu) were estimated using the surface plate count
technique. Growth rate and doubling time were calculated
[28] as follows: growth rate K = log Nt–log No/log
2 (Tt–To),
where No = viable cell counts at To, To = time at the begin-
ning of determination, Nt = viable cell counts at Tt, Tt = time
of determination. Doubling time (dt) = 1/K. Growth and sur-
vival patterns of tested diazotrophs under the previous growth
conditions were compared to those on the recommended cul-
ture medium (CCM). In the case of Azomonas spp. batch cul-
tures, organic carbon consumption [25] was monitored parallel
to growth measurement.te as affected by seasons of the year 2003.
zotrophs
cfu ml1)
Spore-forming
bacteria (log cfu ml1)
Thermophilic
bacteria (log cfu ml1)
8 D 1.794 B 0.996 B
8 B 2.154 A 1.098 B
8 C 2.197 A 1.128 B
3 A 2.147 A 2.018 A
5).
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– Plate count agar [17] contains (g l1): tryptone, 5.0; glucose,
1.0; yeast extract, 2.5; agar, 15; pH, 7.2.
– MacConkey broth-single strength [17] contains (g l1): pep-
tone, 20; sodium chloride, 5.0; sodium taurocholate, 5.0;
lactose, 10.0 and bromo-cresol purple, 0.01; pH, 7.2. TheFig. 3 Spatial changes in bacterial indicators of pollution reported in
bacterial indicators of pollution; (B), cumulative bacterial load; (C)
disposal site; S3, downstream; S4, midstream. Means followed by theconstituents of the single strength medium were doubled
in the double strength medium. The double strength med-
ium was used for 10 ml inocula.
– Eosin methylene blue agar Levin’s medium [17] contains
(g l1): peptone, 10.0; lactose, 10.0; K2HPO4, 2.0; eosin
Y, 0.4; methylene blue, 0.065; agar, 15; pH, 7.2.the water of sampled sites: (A) changes in populations of various
percentage increases; (D) correlation matrix. S1, upstream; S2,
same letter are not signiﬁcantly different (p< 0.05).
90 S.M. Ali et al.– Azide dextrose broth-single strength [17] contains (g l1):
peptone, 15.0; beef extract, 4.5; sodium chloride, 7.5;
sodium azide, 0.25; pH, 7.2. The constituents of the sin-
gle strength medium were doubled in the double strength
medium. The double strength medium was used for 10 ml
inocula.
– Ethyl violet azide broth [17] contains (g l1): peptone, 20.0;
glucose, 5.0; sodium chloride, 5.0; KH2PO4, 2.7; K2HPO4,
2.7; ethyl violet, 0.00083; sodium azide, 0.5; pH, 7.2.
– The combined carbon sources medium, CCM [18] comprises
(g l1): glucose, 2.0; malic acid, 2.0; sucrose, 1.0; mannitol,
2.0; KOH, 2.0; KH2PO4, 0.6; K2HPO4, 0.4; MgSO4,Parameters NO2- NO3- NH3-N
TBC at 22ºC -0.05 -0.22 0.41*
TBC at 37ºC -0.06 -0.25 0.42*
 Tth -0.14 -0.22 0.39*
 TSF 0.02 -0.32* 0.51*
 TD 0.03 -0.39* 0.68*
TC 0.56* 0.13 0.37*
FC 0.71* 0.43* 0.71*
FS 0.19 0.28 0.10
Water oC -0.39* -0.79* 0.11
Transparency -0.20 -0.15 -0.52*
pH 0.60* 0.51* 0.00
EC -0.13 -0.20 0.56*
TDS -0.08 -0.08 0.48*
Alkalinity 0.48* 0.73* -0.14
DO 0.04 0.15 -0.53*
BOD 0.10 -0.03 -0.13
COD -0.54* -0.14 -0.36*
Marked correlations are significant at p< 0.05 (n= 48)
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Fig. 4 Physical and chemical determinations of tested waters; site eff
(C) correlation matrix (D). S1, upstream; S2, disposal site; S3, downs
signiﬁcantly different (p< 0.05).7H2O, 0.2; NaCl, 0.1; CaCl2, 0.02; FeCl3, 0.015; MnSO4,
0.01; Na2MoO4, 0.002; ZnSO4, 0.00025; CuSO4, 0.00008;
yeast extract, 0.2; fermentol (a local product of corn-steep
liquor), 0.2; sodium lactate was included as 0.6 ml l1
(60% v/v) and pH adjusted to 7.0. The culture medium
was autoclaved at 121 C for 20 min, while ﬁlter-sterilized
solutions of biotin (5 lg l1) and para amino benzoic acid
(10 lg l1) were added after sterilization.
– Nitrogen deﬁcient culture medium [27] contains
(g l1): CaCO3, 1; K2HPO4, 1; MgSO4Æ7H2O, 0.2; NaCl,
0.2; FeSO4Æ7H2O, 0.1; Na2MoO4Æ2H2O, 0.005 and glucose,
10.0
5
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m
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l
DO
Site
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m
g/
l
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CODBOD
S4S3
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Alkalinity
NH3-NNO3
ect (A) total biological load (B) percentage increases and decreases
tream; S4, midstream. Means followed by the same letter are not
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Data were statistically analyzed using analysis of variance (AN-
OVA) [29] using theMSTAT and STATISTICA (6.0) computer
programs. The correlation coefﬁcients and linear regressions
among the different parameters were determined as well.
Results
The total bacterial load of the Nile water around the four sea-
sons of the year 2003 as affected by efﬂuent disposal is illus-
trated in Fig. 2A. Increases in total bacteria developed at
22 C and 37 C were about 50% (Fig. 2C). Such increases
were elevated to ca. 180% for total thermophiles. This was
particularly reported in autumn at the disposal sites, where
the efﬂuent temperature was 30–33 C, being higher than up-
stream (24 C). Changes in the spore-forming and diazotrophic
bacteria were minimal, being less than 10%. L
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Fig. 5 In vitro aerobic biodegradation of the sugarcane industry-ef
growing in batch cultures as affected by the efﬂuent dilution (ANOVA
1:1, SE (1:1); diluted efﬂuent 1:2, SE (1:2); compared to reference cultu
in batch cultures prepared from the efﬂuent of sugarcane industries w
interaction); Reference culture medium (RM); sugarcane efﬂuent as
(SE + 1%StE), 3% (SE + 3%StE), 5% (SE + 5%StE) and 10% (SEThe richness of the efﬂuent in organic C exerted a speciﬁc
enrichment effect on the total population of diazotrophs
(>105 cfu m1, Fig. 2), which physiologically require ample
sources of C for growth.
The seasonal effect was distinguishable, the total microbial
load of various bacterial groups being statistically highest in
autumn and lowest in winter (Table 1). Temperature inﬂuence
is a possibility, due to the signiﬁcant positive correlation coef-
ﬁcients (r= 0.29–0.62) computed between various bacterial
populations and the water temperature (Fig. 2D). An addi-
tional cause might to be the inconsistent nature of the efﬂuent
quantitatively and/or qualitatively.
Statistically, bacterial enrichment was reported at the dis-
posal site, being gradually diminished 1.4 km downstream;
however, differences in upstream were still signiﬁcant
(Fig. 2B). The lateral not vertical effect of the efﬂuent disposal
is clearly demonstrated as the microbial load of the middle
stream remained unaffected.ime [h]
12 24 32 48 72 96 0 2 4 8 12 24 32 48 72 96
Chryseomonas luteolaa pneumoniae
teraction, F(54,240)= 13.87; p<0.000 
e [h]
24 32 48 72 96 0 2 4 8 12 24 32 48 72 96
RM
SE+1%StE
SE+3%StE
SE+5%StE
SE as such
SE+10%StE
eumoniae Chryseomonas luteola
(90,360)= 163.49; p<0.000
ﬂuent. A: The growth pattern of various tested bacterial isolates
3-ways interactions); the efﬂuent as such, SE; diluted efﬂuent (v/v)
re medium, RM. B: The growth pattern of bacterial isolates grown
hen mixed with the efﬂuent of starch industries (ANOVA 3-ways
such (SE) or amended with starch efﬂuent at percentages 1%
+ 10%StE).
92 S.M. Ali et al.Correlation coefﬁcients indicated signiﬁcant positive inter-
actions among the various populations of bacteria tested
(Fig. 2D). In addition, the total bacterial load positively corre-
lated with EC (r= 0.54–0.63), TDS (r= 0.34–0.52), water
temperature (r= 0.29–0.62); and negatively correlated with
transparency (r= 0.31 and 0.40), water pH (r= 0.32
and 0.38) and DO (r= 0.35 and 0.65) (Fig. 2D).
Indicators of pollution were monitored in the experimental
area, and the obtained results are presented in Fig. 3. Repre-
sentative groups were already reported in the non-affected up-
stream and middle stream samples; populations ranged from
25 to 1800, 9 to 1800 and 8 to 1800 MPN/100 ml for total col-
iforms, faecal coliforms and faecal strepotocci, respectively.
Particular enrichment of total coliforms and faecal strepto-
cocci was distinguished at the disposal site (Fig. 3B); corre-
sponding increases were 49% and 520% over the upstream
population (Fig. 3C). Seasonally, water load of bacterial indi-
cators of pollution, in particular faecal coliforms, was higher in
spring compared to other seasons. The ratio of faecal coli-
forms to faecal streptococci ranged from 0.04 to 16.4. The low-
est ratios (0.04–0.2) were reported in winter, indicating the
non-human source of pollution. Otherwise, the ratio was very
variable, indicating the complexity of the pollution sources,
being a mixture of both human and non-human (0.9–3.4). Dis-Fig. 6 Growth pattern (log no ml1) and efﬁcient organic C decomp
reference culture medium (NF) compared to the efﬂuent of sugarcan
solution.tinctive cases of human sources of pollution (12.3–16.4) were
distinguishable in spring. Correlation coefﬁcients were statisti-
cally signiﬁcant among the various indicators of pollution
(Fig. 3D). Statistically, both total and faecal coliforms corre-
lated negatively with BOD and COD (0.32 and 0.64) and
positively with nitrite and ammonia (0.37–0.71) (Fig. 4).
The chemical parameters (pH, EC, TDS and alkalinity) were
increased (3–9%) by the efﬂuent disposal (Fig. 4A and C). The
efﬂuent did positively increase both BOD (20%) and COD
(8%) at the disposal site (Fig. 4A–C), then progressively de-
creaseddownstream.Concomitantly and signiﬁcantly,DO is de-
creased (10%). Among the soluble forms of N, ammonia was
particularly increased at the disposal site indicating active bio-
degradation through the ammoniﬁcation process (Fig. 4B). This
was conﬁrmed by signiﬁcant positive correlations with popula-
tions of various bacterial groups (Fig. 4D). This indicates the
in situ biodegradability of the efﬂuent under investigation.
In vitro biodegradation of the efﬂuent of sugar industries by
different genera of bacteria was tested under laboratory condi-
tions. The tested isolates were obtained from water samples at
the disposal sites. Special preference was given to the effective
C-consuming, nitrogen-ﬁxing bacteria (diazotrophs), as con-
ﬁrmed by nitrogenase activity. The taxonomic position of se-
lected isolates was proposed (data not shown). They wereosition (O.C., g l1) of Azomonas spp. growing in batch culture of
e industries, as such and/or pH adjusted with or without buffer
Table 2 Chemical analyses of the efﬂuent by-products of the
sugarcane and starch industries around Cairo city.
Parameter Sugar eﬄuent Starch eﬄuent
PH 8.00 4.60
EC (d S m1) 4.50 12.50
Salinity (g l1) 1.90 7.20
Total solids (g l1) 3.7 65.5
Total dissolved solids (g l1) 2.30 8.90
Ash (g l1) 1.3 12
Organic carbon (g l1) 260 622
Total nitrogen (g l1) 3.7 16.5
Protein (g l1) 23 103
C/N ratio 70.3 37.7
Total sugars (ppm) 0.05 1.97
Reducing sugars (ppm) 0.03 1.53
Non reducing sugars (ppm) 0.02 0.44
Cations (ppm)
Ca2+ 96 32
Mg2+ 61.2 673.2
K+ 245.7 1969.5
Na+ 379.5 64.4
Anions (ppm)
CO3 – –
HCO3 756.4 5337.5
Cl 514.5 616
SO4 268.8 288
Elements (ppm)
Macro
N 30 530
P 3 176
K 200 1900
Micro
Cd 10.07 10.31
Cr 4.512 5.899
Co 2.213 2.275
Cu 2.304 2.04
Fe 1.304 6.419
Mn 4.528 23.74
Pb 2.623 3.041
Zn 0.914 11.61
Amino acids (mg/100 ml)
Asparatic acid – 0.11
Threonine – 0.043
Serine – 0.043
Glutamic acid – 0.23
Proline – 0.11
Glycine – 0.21
Alanine – 0.33
Cysteine – 0.04
Valine – 0.17
Methionine – 0.05
Isoleucine – 0.08
Leucine – 0.23
Phenylalanine – 0.07
Histidine – 0.22
Lysine – 0.036
Arginine – 0.06
– Not detected.
Pollution of River Nile by agro-industries 93able to grow on the crude efﬂuent as such and/or diluted up to
1:2 (v/v), with the descending order Crysomonas luteola
(dt = 0.5 h), K. pneumoniae (dt = 1.0–1.17 h) and Azospiril-
lum spp (dt = 0.75–1.75 h) compared to the CCM reference
culture medium (with dt of 0.75–1.88 h) (Fig. 5A). Statistical
analysis showed no signiﬁcant differences attributable to dilul-
tioning of the crude efﬂuent. A representative isolate of the
aquatic nitrogen-ﬁxing Azomonas spp. was successfully en-
riched and isolated from waters at the disposal site. The bacte-
rium successfully grew, and efﬁciently (>80%) degraded the
organic carbon content of the efﬂuent, with doubling times
even shorter (dt = 0.4–0.56 h) than the reference NF medium
(dt = 1.54 h) (Fig. 6). No signiﬁcant differences were attribut-
able to the adjusting pH and buffering capacity of the tested
efﬂuents.
Discussion
It is reported that chemicals, food, metal products and textiles
are the most prominent and potential pollution resources for
surface waters in Africa, including Egypt [30]. This is in addi-
tion to discharge of contaminated agricultural waste water.
The situation is rather complicated around metropolitan cities,
as in the case of Cairo city, due to the intense industrial and
touristic activities along the shores of the rivers [3,15].
The organic load amended by the various industrial activi-
ties in the Cairo city vicinity was calculated [19,31,32], to
which the starch, yeast and glucose industries contribute ca.
3239 kg/day COD and 1148 kg/day BOD. Such enrichment
in organic load questions the practise of the direct disposal
of the efﬂuent onto water surfaces and strongly recommends
pre-treatment through microbial digestion, resulting in suc-
cessfully reduced COD and sulphate content [33–35]. Further-
more, ground water properties can be affected under heavy
pollution stress by industrial efﬂuents [36]. Therefore, the po-
tential polluting stress of such agro-industries has intrigued
researchers both at home and abroad. In previous publications
[12,13], we clearly demonstrated the potential polluting capac-
ity of baker’s yeast efﬂuent, and the very efﬁcient aerobic bio-
treatment, prior to disposal, through biomass production of
diazotrophic bacteria. Table 2 presents their rich load of or-
ganic carbon (26–62%), nitrogen (0.4–1.7%), cations (32–
1970 ppm), anions (269–5338 ppm), and micro-elements (0.9–
23.7 ppm). Such richness did transitionally boost the microbial
load and compositional changes of Nile water at the disposal
points (Fig. 2), particularly in the autumn (Table 1). As much
as 45–50% increases were reported for total bacteria at 22 C
and 37 C. Thermophiles were dramatically increased up to
180%, attributable to the elevation of water temperature from
24 C to 30–33 C. In contrast, spore formers and diazotrophs
were minimally affected (6–7%). Earlier reports [16] encoun-
tered higher populations (ca. 1.5 · 107 cfu ml1) than those
we reported (3.7 · 105 cfu ml1). This is an indication of some
improvement, possibly through the partial pre-treatment of
tested efﬂuents prior to disposal to comply with recent envi-
ronmental regulations. It is of interest to mention the lowest
microbial load (4.5 · 103 cfu ml1) in the midstream of the
sites under investigation (Fig. 2B). This agrees with El-Gohary
[7] who concluded that the midstream conditions of the Nile
are still, on average, at a fairly clean level owing to dilution
and degradation of the pollutants discharged. The riverbanks,
however, are much more polluted.Monitoring indicators of pollution resulted in the recovery
of total coliforms, faecal coliforms as well as faecal strepto-
cocci. In general, respective populations (that were already
encountered years earlier in the studied area [6,16]) were mini-
Table 3 Relating the analyses of the studied area of River Nile to the international permissible limits.
Parameter Range Permissible limits
Upstream Disposal site Downstream Irrigation water Drinking water
PH 7.2–8 7.2–8.2 7.5–8.2 6.5–8.5 6.5–8.5
Conductivity (d S ml1) 0.31–0.37 0.34–0.39 0.31–0.38 <0.7–<3 0.4EC
BOD (mg l1) 1.12–3.2 2.22–3.84 1.44–2.27 10WEF, 40 <3ECA1
COD (mg l1) 12.4–17 12.8–18.2 12.3–17.7 75WEF, 80 NA
NH3 (mg l
1) 0.11–0.32 0.1–0.34 0.11–0.27 0–5 1.5
NO2 (mg l
1) 0.008–0.02 0.010–0.019 0.008–0.016 NA 1.0
NO3 (mg l
1) 0.027–0.072 0.024–0.058 0.025–0.056 <5–<30 50
Total count 22 C (·102 cfu ml1) 12–146 197–10500 7–522 NA 1EC
Total count 37 C (·102 cfu ml1) 2–360 114–7467 6–780 NA 0.1EC
Permissible limits are those provided by FAO for irrigation water [40] and WHO [41] for drinking water. The superscripted values: EC,
European Economic Community [42], ECA1, Level A1 simple physical treatment and disinfection; WEF, Water Environment Federation
(WEF) [43]. NA, not available.
BOD and COD, refer to [17] and [21], respectively.
94 S.M. Ali et al.mal (900, 14, 250 MPN/100 ml) in summer and maximal (1800,
900, 1800 MPN/100 ml) in winter and/or spring. Such seasonal
high densities might be attributable to reduced volume of water
in the river during the annual drought period of November/
January [3,37]. The water level in the studied area was mea-
sured as 18.0 m in summer and 16.8 m in winter (The General
Directory of River Nile Protection in Cairo City, personal com-
munication). Under the effect of the disposed efﬂuent, the ratio
of faecal coliforms to faecal streptococci ranged from 0.06 to
1.6, being lowest in summer and highest in spring. This clearly
indicates the complexity of pollution resources, and the poten-
tial disposal of not only industrial but also domestic and animal
waste waters from defecation and washing and bathing of hu-
mans and animals around the studied area, a conclusion that
is often reached in the rural areas and agricultural basins of
world rivers, e.g. in the Czech Republic [38], Egypt [6,16], India
[2,39], Nigeria [3] and Poland [5]. The level of pollution at the
disposal point is also indicated by the ‘‘differential temperature
ratio test’’, i.e. total bacterial count at 22 C: at 37 C [34]. Val-
ues obtained (0.2–2.6) were comparable to those recorded ear-
lier [16], being inferior to the recommended 10:1. Increased
levels of COD (16.1 mg l1) and BOD (2.9 mg l1) occurred
at the disposal sites, and then, respectively decreased to 15.0
and 1.8 downstream and midstream, which was comparable
to what has been reported previously [14,15].
Comparing the ammonia content at the disposal points
(258 lg l1) to upstream (190 lg l1), downstream (163 lg l1)
as well as midstream (168 lg l1), indicates in situ microbial
activity and biodegradability of the disposed efﬂuent through
the process of ammoniﬁcation. This was conﬁrmed by the sharp
increase in the water content of heterotrophic bacterial popula-
tions. In vitro experiments concluded that a number of tested
bacterial isolates, representing the in situ microﬂora, were able
to grow in the efﬂuent batch cultures, with doubling times com-
parable to the respective reference culture medium. The tested
bacterial strains (Chryseomonas luteola, Klebsiella pneumoniae,
Azospirillum spp. and Azomonas spp.) were able to degrade the
sugarcane efﬂuent; Azomonas spp., in particular, were able ex-
haust more than 82–92% of the organic matter load of the efﬂu-
ent (Figs. 5A and 6), an efﬁciency that is related to the well-
known high respiratory metabolisms and C-source require-
ments of such tested diazotrophs.
It is of importance to mention that the studied area is under
the inﬂuence of efﬂuents other than the sugarcane industry,mainly the starch industry 6 km to the north of the tested dis-
posal site. Therefore, a possibility exists for the in situ com-
bined effect of both efﬂuents, as well as others, on microbial
load or quality of water. In vitro experiments clearly demon-
strated a synergetic phenomenon where the efﬂuent of the
starch industry did boost the biodegradability of the sugarcane
efﬂuent (Fig. 5B). Statistically, Klebsiella pneumoniae and
Chryseomonas luteola in particular positively responded with
successive amendments of starch efﬂuent. Active cell growth
of tested diazotrophs nominates such efﬂuents for the produc-
tion of value-added microbial biomass necessary to formulate
bio-preparates, biofertilizers and biocontrol agents [12,13].
In conclusion, the River Nile in the vicinity of Cairo city is
under pollution stress, mainly from agro-industrial and touris-
tic activities. The downstream analyses, 1.4 km away from the
disposal site, indicated the improvement in water quality,
with respect to chemical but not microbiological parameters
(Table 3). It is of interest to note the increased levels of indica-
tors of pollution compared to the international permissible
limits. In addition, ﬂuctuations are dynamic and exist not only
among seasons but between years. Comparing analyses of
summer and winter seasons of both years 2003 and 2005 (data
not shown) indicated a similarity of not more than 15–45% of
the tested parameters and necessitated careful routine monitor-
ing. In addition, bio-treatments should be imposed prior to
disposal of efﬂuents into the river.Acknowledgments
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